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SUMMARY Page 1 ^ of 77

Module No: !'Module Title:
-

Chemistry for Operators
es .

477

T Submodule Titles: .,,

Approx. Time:. (
. I

' Introdktion, Compounds, Chemical Equilibria
42 hours

,

., I' r

Solutions, Chemical Equilibrium I, Acids & Bases, Solubility
Equilibria , .

.
i

! i
Objectives:- -

.Upon completion 9f this module the participant should be able to describe the
basic structure 'and types of matter,identify.compounds and recognize their

'various attributes!, examine chemical 'equations and reactions, relate all the
various aspects of solutions; explain chemical equilibrium, examine, acids and
bases and their usage, and explain solubility equilibrium.

Instruction. Aids :
.

..-
. ..'

Singer SVE fflrdstrips
%.-

Handouts --/

pH 'meters
, _......_

Titration equipments

%.

a.

Instructional Approach:

Lecture
flistusion
Filmstrips

partic{pation
. 3-.

.J.ferences:
't

,

'. Chemistry Made.Simpfe, by Fred C. Hess* 1

4 them stry for L.boratory Techni ciane -by, Stanley. Cherilp ,'
Manual, ot instr ction for Sewage' Treatment plant Operators, by Health Education

se ice' . ,..f..,, , i . ,
'Chethistry 'for S nitary Eligtn.. eers by Sawyer and McCarty

1 . -4.,,instructidnal velopment Workshop, by EP/14.tnah State University.
introduction. to Chemisery. by `lurk,. Meislich, Brescia, Arents

Analyti.callCheiti stry.by Pietryzk and Frank .
Modern ChelnIcal- Technology by Chemical 'Technician Curriculum Project ,

...' Swige'r-SVE .Firm trip Series (Chemistry)' by singer .

as - ' .,
Cl ass As s gnmen s:

, ,
Reading-,and pro 'fern assignments-as shown module

"
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Moduli No:

I

,
Module .1- le:
'Chemistry for Operators"'

Subrrodule.Title:. , .

,
--Approx. Time:.

li hour

.1ntroduction .

Topic: .
.

.
, .

Pers pectives . .

. ,
.. .

, .
Objectives: ,. . .,

. ....... .

Upon 'completion of this module, the participant should be able to:
... ,

1: befine each of th'e following:: Chemistry, chemic'al propei-ties, chemical

change.. - f /
2. Describe how chemistry is used in water.and wastewater treatment and the

significance of`c-hetmistry in water and _wastewater analysis?

.

. ,
- . . . .

. .
Instructional Aids: - _

_ ..
,

. . .

, ....

-
. lk.

,
. ,

. .,....
.

.

..

a
S

co

,

:

a - ..

ns tructi ona I Approach: 1 .

. .

- ° . .
.

... . . .

- . .

References: . . .
lte

a

Chemists Made Simple Fred C. Hess, Doubleday' and 'Company, 1955". / ,,,

1971.

.* .

Chemistry for Laboratory Technicians, Stanley Cheri in, .W. '13_ Saunders

,
.

.

. -

ClasS Assigrm nts: . ,. . .

.

ReadPP. 1 -v d6, Chemistry Made imple .
oi . .

r. 1 I , ..
,t, -, ,,, 4 .. .

. , . 7 ,

1 , , . .. . . ..
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Page 3 of. 77

Module.Ao: Topic:

Perspectives
.

Instructor Notes:

C
pp. -9 °- 16 Chemistry Made
Simple - Introduction,

pp. 65 69 Chemistry for
.-Laboratory Technicians':
Matter

A

O

Instructor Outline:'

Obj4tive 1 - Definitions
k

. Chemistry should be presented A a branch
of science that deals with,ithe composition
of matter a d changes in forms of matter.

Chemical properties are identified as a
listing of,all the chemical reactions-
of a substance and should be distinguiShed
from physical properties.

c. Chemical change should be described as a
change from one substance to another. For
example, burning carbon, compounds,(under
oxygen, produces carbon. dioxide as one
,product: This can be -used to indicate
chemicalchange and a type of reaction.
Emphasize that chemical change involves
a change from one substance to an entirely
new-one and not a physical change, as inl
water freezing to a solid form.

Objective 2 - Significance. of Chemistry
,

A sort of overview of chemistry applied to
wastewater treatment. Give examples where
chemistry may be used such as in coagulat(on,
chlorination, softening., and'in laboratory
analysis. <A lab example could be pH measurements
describing that'pH actually measures the hydrogen
ion concentration in water solutions.
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Module No:

Approx. Time:

2 hours

.

Module Title:

Cbemistry. for Operators.

; :Page 4 of . 77

0-'5ubmoduie Title:

Introduction.

Topic:

Types of Matter - Chemical Terms

Objectives: Upon completion of this module, the pprttipant should to able ti'ff'

Define each of the following: Matter, substances, composition of matter,
elements, compounds, mixtures, symbols orelements.

2. Explairi that elements are the basic constituents of Batter and that all
.elements known to man are found on the per:iodic table.

.3. Name 10 common elements e.ncountereck in water andvastewateri and-write their
, symbols.

4.
.

, Distinguish between a compound and an element and recognize that compounds
art. more -abundant than elements.

Instructional Aids:

Siriger SVE filmstrip I Elements, compounds and mixtures

Singer SVE Filmstrip - The periodic. system

Instructional Approach:

Discussion - lecture
Filmstrip - -A 493-8
Filmstrip - A 493-2'. ( /

References:
,

Chemistry Kade -Simplg, Fred C. Hess,, _Doubleday and Company, 1955. _..

-Manual of Instruction for wage 'Treatment Plant Operators, Heal th` Educatton
Service . 6 .

- E - .
-Chemistry for Laboratory Technicians, Stanley Cherim, R. B. Saunders Co., 1971.

fclas-s Assignments::

-4c),
Read,PP. 16' - 18 Chemistry,,Kade Simple

4
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Module No: Topit:

Types of Matter - Chemical elin&
4

Instructor Notes: Ins tructor OutiAne:

t.

pp. '16 18'Chemistry. Made
Simple - Chemical Properties

Fig. 12 P. 27 Chemistry. Made.
Simple -

.e

4

'Objective 1 - Definitions

a.. Define matter_and explain. that \types
matter _are differentiated in terms o
propet-ti es . .

...

. Substances are 'a defthite variety of matter
and e h .specimen has the same properties.

c. Compose

V

II. MINIM

ion of inatter relates to the fact
(i.that matter is. made iup o'f pure- substances ,

elements, or tmbinations4 of substances,
compounds'.

.4.- Elemen- ts'are the building blocks of matter.
. the basic constituents. Define elements;

by their chemical symbols and give sever'(
examples. Compounds should be -described
4s pure substances composed of chemi tally \..:.

, combined elements. Poi rt out that
compounds can be decomposed 'into eleme'n,ts
only by 'sdthe type of chemical change.
Egplain inixtures'as a contnuati ors _of
'substances held together by physi cal 1 vtdther

*than cheMibal means. .: .

Objective 2 - Elements, periodic table

The periodic able should be rePresented.at' a;-table of the lerhents, and identify groups, and
periods. .. .,_; -

.

P. 93 -t 99 Chemistry for
'Cabo ratory Technicians
Periodi c chart .

P. 222; Table 11, Manual of
Instruction for Sewage Treat-
ment Plant Operator's

P. 18 Chemistry Made .Simple,
Compounds

1

I.

. Objective 3 - common Wastewater Elements
..

.
/

Associate elements- wi thei r symbols. List
about 15 involved inwastewater avid discusS
where they are encountered.

Objective'41 --co'mpoun'ds and Elements
, 9_so

Give s'everal examples 01 comp' uhds by writing
their cheriii cal formulas. C-orloounds and el emen
should be differentiated by formulas and symbol
Compounds are much more abundant.than--elemehts
and as -elements combine to form '-''coq pbundss the
elements lose their individual , properties, and

. .

7
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Module No:

Instructor Notes:

,..

r

--1

Oge._ 6: of -77

Topic:
// .

Types of Matter -. Chemical Terms 7 Cont.
4.

,Instructor Outlir;e:

de..

.0

r e

J.

1

tr

4.

le

4

a new set of properttes
is created. Indicate al
may coMbine with.themsel
such as chlorine molecul
C12.

.4

I

unique to the compound-,
so that some 'elements
lies to form compounds

es combining to form

-4

st-
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Module No:

.

- ..(Mociu le Title: .

Chemistry for Operators
0

Submodule Title:, L , .
.

Introduction ,
-

... .
, .

,
Approx. Time:

1

VIhours
.

. , .
Topic:

, ,
. .

Structure of Matter . 7 .

- - \- .
. ,,.. .. .

of this module, the participant should be able to:
-. . .

1

an element, atom, electron, proton, neutron in terms
. °

atoms of elements haVe a(central4core called the nucleus
and neutrons and electro0' orbit the nucjeut at

distances' in distinct shells.
in (niter shells are itivolved with chemical

is these electrdns which determine the charge of do atom.
positive charge balances .a negative Charge-and 2 negative
2 positive charges etc. ,

of an element. t. - .

chart find the symbol for calcium, oxygen, chlorine,
and -their respective atomic weights. .

. -- - , . -

.

.

Objectives:_ 'Upon completion

i. Differentiate between
of electrical charge.

, 2. Illustrate that
./ consisting of protons

re atively large
3. Indi e that electrons

reaction and it
4. Explain that a

charges balance5. Defihe atomic weight
-6. Given the 'Periodic

flourine, magnesium
. -

.Instructional Aids: . . I.. ,,,_
,,... . . :---Singer

1
SVE Filmstrip -; Grqup Atoms, molecuIes,,.and ions .,

., -
.

Instructional Approach: .4 ,.

. ,

'Discussion
.

Filmstrip r A 493-1 t . . .

. .--\
_ .. ..,

- . .

.
, ,

. .References: '
e'

.
-... ,. / .. .

Chemistry Made Simple, Fred C. Hess, Doubleday 'and CompartY, 1955 . _-

.

,

Chemistry for Laboratory. Technicia0, STanley Cheri m, W.B.1 Saunders Coy 1971.,,
\...._ . . _....---,--

,...

, r . -

s.

. .
. .

. . ..,
.,

,

. ,

. Class Assignments:
, A

.
.

Read PP. 23' 30 Chemistry Made simple( . .

. .
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Module Ilo: ..Topiet
Structure tf Matter

Instructor Notes:
Ipstructor Out ine:.

P. 23 - 30 ,Chemi§trys,Made

Simple, Structure .of- Matter

P. 82 - 88 Chemistry for
Laboratory Technicians -
Atomic structure

.4
4

Objectives 1 and 2 - Bohr Model

Basically describe, by-
4

.the Bo r
-model 'of the atom and emphasize that'electr nss
protons, neutrons 'are the. bs'ic articles- o
an atom: Elements are composed of atoms.
Discuss- the electroneutraility elements.
Briefly describe, atomic number.

Objectives 3 and 4 - Elctroneutrality Shel
Charges

Dis'cuss .electrdnic shells of atoms. and emph
thatlectrons in the outer shells) are i
in chemical reactions or changes. ,Discuss
balancing .of charges .

O

s &

size
ol ved

,Objectives 5 and 6 - Atomic'Weight
,...,

. .

Atomic weights
,

should be descrilled by usin the
periodic table. Several examples of chemi al
names, symbols, and atomic weights should e -

given. Atomic weights are ,relative .but m be
introduced injterms of grams, gram-atomic eight,
quantity of an element. ,

.

. . . .

10
.
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_Module No: .

-,...
. ,

,
.

Module'Title:
.

$

Chemistvy.for.Operators .
. ,

.

.Submodule Title: %

Compounds . .approx. Time: .

. )

1 hours J

.

Topic: . . .

a . .
- _

Valence .. .
.

.

Objectnes: .
.. .

. >

Upon completion, of 'this module, the participant shouldsbe able to: ' .

. .. .

1. Illustrate that-the electrons tn the outer shells '(generally) of the elements
can transfer between elements to form dompounds'.

2, 'Describe valence and identify the .valence number with .periodic table groups.
3. Given a lift of compounds andvi6ns.af these compounds identify the cations

and anioIlr .

4. Define radicals and list 8 encountered in water and wastewater...
) :

.9.

. .

Instructional Aids:
. .

.

/

Handout No. 1 ,
-.

t.

. .

/
.

,
,

.
e, Si&

/.
.

Instructional Approach: A

Distussion - . -,
Practite finding valenc,g,in-dass

. A

A ...

.
, .

.Refere es: .

.
, .

.

.._

Chemistry Made Similecfred.C.*Hess, Doubleday and Company; 1955. .

Chemistry far Laboratory Technicians,, Stanley Cheri m, W. B. Saunders Co., 1971.
Manual of lastructipn for Sewage Treatment Plant. Operators, Health Education

.Service . r .
..

.
.

.

.-. .

.

1 .
. ,- .

.

.

_ . .

Class Assignments: , 41
v.. .

a

I

.Read PP. 32 - 37 Chemistry Made.Simiple . 4:

Read Handout' - -

,
1 1

I..
.. . f
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1'

1.1&dule Ho::'

Instructor

Topic:'
Valence

P. 32- 39 Shemistry*Made
Simple, Valence."

P. 99 - 106 Chemistry for
Laboratory Technicians -
Nature of the Chemical Bond

P. 272 Table 11, Manual. of
'Instruction for Sewage
Treatment Plant ,Operators

Handout No. 1

"..

e.

Instructor Dutline:

v'

.11111

a

Objective 1 - Outer Shell Electrons

Describe the prOcesS of ion formation in detail. .
. Define it-ds#,4 transfer of electrons or, "an

electrovalence process. Electrons in outer
'shells in. atoms will need to be re- examined.the participant will not need .to work out eachion pair formation, but merely understand the .
,process since valence" ori 1 I generally be
memorized or found according to'periodic
table-groups. The'sodium chlorine exampleserves to explain the electron extbange processand _the production offi'Ons..

Objective 2 - Valence '.
.

Describe valence number as the number of
lectronsoof the element involved iii ihe

formation of a compound. Gjve the general
rul'es in determining' valence numberof.an
element according 'to periodic table -groups.
Indicate that valence No. Of,an ion is

- numerically equal: to the charge on the ion,
'positive 'ions have.,positivevalence numbers?
negative ions have negative valence nuMbers.
Give several examples. Briefly describe
cova3erice,.- and ,di fferenti ate between
electrovalence products and covalence: products.
Define molecules and note that they are present; only in covalent compounds.

Objecfi vet 3 Cations and Anions,
7

Describe cations and,anions and give several
examples common to wastewater. The importanceof. ions .in -solutions could -be related in terms .oflaborato-rygesting pH is a measurement ofv
hydrogen ions,- hardness. measures
magnesiuni.ions, 'the iron test measures iron ions,and free chlorine measures chlorine fons. Indictite
ttlt,some compounds .wherl dissolved in 'plutions,
may di ssolve into theirr comporrent catiphs . and. anions. Litt several examples andilDetratjae,how ions are repres9nted.

'S.

4
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Instructor NI:Ms:

Page i 7 of

Valence -.Cont.

I-1ando4 No: 1

ti

0

S.

Instructor Out'iine:,

Objective* = Radicals.
I

Define. radi cals as chemi cal 'compounds -or
clusters Of),,elements which behave as if
they wei-e a single element. 'List several
radicals and their respective valence and
,indincate that' they will always occur as such
-a d-puSt be learned `individually through'

epeated Ise.

0

. .

is

'14
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,..?c",

MOaule No: y
,.

.

,=.
, =

fv",-
%.

---
Aodul:e Title:

.

,Chemistry for Operators .

_
'-'

.

sLiIubmodule Title:.
.

. . f
Compounds .

. 2
, ,

,
. .Approx. Time: :,%--

.

1 hour

.

Topic: . . -
.

.
. .

,

.1 .

c
Nomenclature

Objectives:.
.

Upon completionot..this

1. Name 10ompounds
,,formulas. ,

2 Indicate-the use
used in formulas,,to

3.' Name 5 hardness'eausi-WCHAratent
. compounds from, these.

w radicals4. :Indicate

.
,

.

,

.

. .

module, the participant should be able to:
.

. . .

used 'n water an0 wastewater treatment and find their ,_
,

-,, .
.

of val nce when making compounds and how sObscripts are
balance,charges. . .

c.ations and their 5 common anions and make .

'''
,,,

. .

are used in folas. : ,rmu . .

. ,
, .

leStructioAal /bids:

. .

-%

.

.

.

.

,,

. .

. . .0

.

. .

,
.

.),

Instructionalr Approach:

Diseussion , .

Practice makingformuIes-7-,----
. ,

< . .
.

..

....

.

.
______

%
.

.

.

%

,.. -

.
, .
, .

. _
References: . .

_

. .

'-themistry Made Simple, Fred g Hess, Doubleday -and Company:1655.
Chemistry fOr_Laboratory Technicians, Stanley Cherim, W. B. Saupders Co., 1971.
Chemistry for Sanitary Engineers, Sawyer and McCarty, Mqpraw Hill Co:,.1967.

.
.

. . .
. 'V* < .

,
3 1 0 .

. .

.. .Class,. Assignments: !

.

.
.,

Practi ce'maki ng fohnul as
.

, ._
. _ .-1-4, .
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Topic:

Nomenclature

C

Module'mo:

Instructor Notes:

P. 353,36 Chemistry Made
Simple Formula's and Valence

P. 109 - 113 Chemistry for
Laboratory Technicians -

Formulas and Nomerfclature'

Table 12, P..275 Manual of
-Instruction fOr Sewage
Treatment Plant Aperatcres -

Compound names & formOlas

Table 19.- 1, P. 349,Sawyer
and McCarty, Cations causing
hardness °,

o

a.

4

Instructor Outline:

(

11
Objectives'2 and 4 - Valence.in'FormulOs, Radicals

Indicate that the net sum of all the valence
numbers in a given Compoundaust be zero,
in most'cases. Formulas should be described
as the ratio of theekatomi of each element
present In the xqfppound. Show by several
examples' how valence charges are used to make
_formulas for compounds. Show how subscripts
are used to balance valences. Use radicals to
make formulas,and illustrate how they are. °
balanced in respect to charges. The student
.Should be encouraged to pr-actiCe making formulas
and learning valences. 'The use of suffixes ide,
ife,. and ate should be briefly discussed,witi)
"respect to naming compounds.

Objectives 1 and 3 N Formulas of COmpounds

The student should be able to associate formulas
of tompourid$ with names. Hardfiess causing:
cattons-and'associited anions can be introduced
and formvlas can be composed for various

s using these-ions- '

15

,
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Module No:
.

-,

.

.
_ ..Module Title: _

. ..
..

Chemistry for OperatorS
.

. .

Submodule Title.: .
.

CompoundsC ..
,-

,-

Approx. Time:

2 hours _

. ,
Topic: .

Molecular Weights 4 .

.
. ,

Objectives: ; .
. .. .

.-,-- --Upon completion of this module, the participant,lhould be.abrle to:
?', ,

,

14 Define molecular weight ,and indicate how:it4;-is computed.
2, Given the actual weight, of a compound deteemine the number of molesi7 .
3. Given 5 compounds commonly found OsteOter select the weight in grams-

needed to produce 1 molar solutiobs. frthese.
4. Indicate that 'an elemefit may comi-n 'With' itself to forma- molecule..

. , ..
.,.

, 2 - , -. ,
4 ... 2 a t . ,,----Instructional Aids: ...--

, .,, ' (;A'
2 s_.

_

SI ,'1 - _.

r

.' 1 ..-.4.
.

Handout No. 2 t
r,

, x -q
Singer SVE Filmstrip - Atomic 'aid Moecul ar Wei:ghts ..

i ,., ,t - . -) ... . ,
II

'. r ' - ,
' 1instruction' Approach: ., .,,

,

.
( . -

Discussion . -
.

.

Handout No 2 . ..
_ , .

.

Filmstrip A 493-4
. . . -, 'N.,:.

. . ., .
. .

.
References:

....,

0
Chemistry Made` Simple, Fred C. Hess, Doubleday and Company, 1955. . .
Chemistry for ,Laboratory Techntcians, Stanley:Cherlim, W. B. Saunders Co., 1971.

'1.

Instructional DevelOment WorMoo, EPA, 'Utah State University, 1971:
:,,,,

.
#

. ., 0 . . ' .__---...---47.--.---..--.
-I .:;,
Class Assignments: ,

. . , ,

P.' 38 Problem set #4 Chemistry MadeSimple
Read =Handout No. 2 .

.

..
.

-ctr)

.
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Module No:

O
4

'Page, 15 of 77

Topic: -

Molecul ar Weights

Instructor Notet:)
. .

listructor Out; ine:

P. 37 - 38 Chemistr

Y
'Mad

e,Simple - Forzpla or.Moleculais
Weights

C

Handout No. 2.

PP. 114 - 120 themistY for
Laboratory Technicians, the
Molecular concept

Sectfon 5 = Inst*ional

r

.Development Works.hOp the.
molecular concept.

Objective 1-7 Molecular Weight

Define formula ;or molecular weights, use
sevkal ,eXamples for determination of
molecular wei ghts .

AbjeCtives 2, 3: 'and 4 MW actual weight
relationships

Define molecular .quantities and show how thp
numbers, of moles is -found given the weight of
the compound. Descrieg molar solution and

'show how. quantities of compounds are found to
make 1 molar solution dr4iraCtions of. Allow
the participant ,to.wbritAAe Sieral i n cl ass

'problems. Submodules 1 and-2,' introduction
and 'compounds, should be reviewed at this
pdint and Exam No. 1 may be given at the next
SVS S fon.

4.,

)

4

4

O
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Module N :
a

.

;

c .,
Module Title: . , 4

1,

Chemistry for Operators I'
. .

Submodule Title: .
. .

Chemical, Equations
Approx. Ti

11/2 hours '

Topic:' ..
..-

,Equations ,,- Reactions . _

. -' -,
..

Objectives: _

Upon completion of this module, the parti ipant should be able to:
. . .

1. Given a chemical equation define reactants, products.
.2. Name and deicribe four types of chemical reactions.

i

..

\ .

:,..4. , ,. ..
, ..,,

., .. . .,

.

......

.

-,

.

InstruCtioaaP.I$Ids,:; ."
. ..:.s.,.. ' t.

Singer SVE Filmstrip- - mbols, formUlas- ,. ancke9\uat4fiS\

,...,

,--, .

.
- . .

. .. .

.

ins trucdiOna 1 Approach:

Discussiok.
Filmstrip - k 493-3

.

.

.

-. -

.
. ,

,
,

.
.

.., . .

14
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.. -cReferences: ,,

Chemistry for Laboratory Technicians, Stanley' Cheri m, W.. B. Saunder§'

ti

Co. , '1971:
Chemistry Made Simple, Fred C. Hess, Doubleday and Company, _1955.., b

.

I 3. 1..
. A 4 I

.
)... .

.

"..
Class Assignments: -

.

. .

.
.

Read PP. 20 - 21Chernistry Made Simple ..
-1-8

. %

.

. .
. . .
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Topici-

Equations - Reactions

le

Module No:

Instructor Notes:
Instructor Out.line.1

PP. 69 - 71 Chemistry for`

Laboratory-Technicians, Chemica'
Change

P. 226 Manual of Instruction
for SeWage Treatment Plant.
Operators - Equations

P. 20, 21 Chemistry Made Simple
Chemical Change

IV&

.

Objective 1 = Chemic1l Equations

Describe the equationform for reactions,
reactants, products, symbols used in depicting
equations. Briefly introduCe the con'oept of
stoichiometry. Give examples of equations
Commonly used in viastewater treatment.

Objective 2 - Types of Reactions

Examine the four,prin typeS of chem
reactions which include combination, decomposition,
replacement,tand double displacement. Discuss
energy changes and....,catalysts involved in reactions.
Review how occurrences of chemical change are made

,obvioas such as gas evolution, precipitation,
'large energy changes, color changes, etc.

9

4

t

t
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Page 18 of 7.7

Module No:* Module Title:

Chemistry for .Operators

Approx. Time:

21/2 hours,'

Submodule Title:

Chemi cal Equations

Topic:,

Bal anci rtg Equations

objectives:
' .

Upon completion of wthi s module, 'the participant should be able to:,r,),.
, -

1. Define the law of conservation of matter. r.
2. Describe how coeffiCients and subscripts are. used in balancingtquations to

'-maintain the law of, conservation of matter:
3. Given reactants and prodUcts from a common reaction write a balanced

equation. .

,

Instructional

Instructional Approach:

Discussion .

Practice balancing equati'ons in- class,
4

Reference's:

Chemistry Made Simple, Fred C. Hess, Doubleday and Cqmpany;
chemistry for.Laboratory Technicians, Stanley Cherim, W. B.
Instructional Dayeloprnent Workshop, EPA, Utah .State Universi
Introduction to Chemistry, Mirk, Meislich, Brescia, Arents,

1955:=
Saunders Co. , 191.
ty, 1973.
1968.

Class ;Assignments:

DP problems' CH 5,, Chemistry Made Simple-

20,
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Page lq of /74

Module Ito:

Instructor Notes:

. -

Balancing Equations

Instructor OutAne:

Chapter.5, Chemistry Made
Simple, Laws of 'Chemistry

PP. 120 - 125, Chemistry for
Laboratory Technicians -
Equations

Section 10,
Development
and Writing
E.xrci-ses

Chapter 5,
Chemistry,

Instructional
Workshop, Reading
ChemicalEquations-

Introduction to
Tu'rk - Stoichipmetry

Objective 1 - Law of Conservation of Matter

Define the law of conservation of matter and
rel ate .it in terms ofs reactants and products.
Also Introduce the law of definite propertths.(

Objective 2 and 3-1-Balancing Equations

The rules governing the writing'Of balanced
e ations is probably bekst developed by using

xeral examples. Describe, by. examples, how
subipripts and coefficients are, used 'to balance
equaNions to maintain the above-laws. Examine*
stoichiometric.reactior again as one in which
all reactants are converted 'to final products,
irreversible reactions. Introduce. reversible
reactions and briefly- describe the equilibritim

'concept. Give the student the opportunity',,to
-balance several in -class equati-ons when given .

reactantsand products. -These iobjecti ves
necessarily take some time. .

21
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Moduli No:

,

Approx.- -Time:-

A

Nrge, ?O: of 77,

Module Title:
itChemistry for Operators.

6'ubmodule

Chemi cal Equ'ati-ons.

Topic:.
4

1 hour Ionic Equatibns

Objectives:

,

Upon, completion of -this module, fthe participant should be able to:

1. Describe the process of ionization in water.
2. Depict with an. equation "how a compound, when dissolved in wager', - reacts or

ionizes into its component ions.'
, t ,

.

3. Indicate that the charges on the ionsare,"balanced" with respect to each
other and must be of "equal" and 'opposite char9e4 f'

4. Given several compounds common to wastewbter des.clibe' by equations, how they

ti

ionize .into th 'r respective ionic components.,
5. Indieate that- of all compounds ionize th . -

References:

Chemistry Made Simple, Fre'd C. Hess, Doubleday and'Company, 1955..
.

- VP'.

-F.

Class Assignments:

Read PP. 76 - 79 Cheditry Made.Simple

22
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- Page 21 of 11

0

opic:

ionic Equattons'

Instructor,Hotes:

-
PP. 76 - 78 .Chemistry Made
Simple - Ionization

ke

W

.

P. 78, 79 CheftrIstryJiade'

Simple = Strong and Weak'
Electrolytes4:-

Instructor Outline:

ObjectiVes. 1, 2, and 3
1

- Ionization

Redefine ions and describe the process of
electrolytic dissociation, ionization'in
solutions..* Generally describe the 3 types.
of electrolytes; Indicate that non-electrolytes
do not dissociate into ions but "separaie".into
molecules in solution. The descriptions of
electrolytes and non-electrolytes should be of
a general nature dividing electrolytes into acids,
bases, and salts which, ionize and non-electrolytes
which do not ionize. Dissociation of electrolytes
may be shown' by _equations such as.:

HC1 = H+ + Cl"
NpC1 Cl-

CaC12 = Caf+ +, 2
Na2 SO4 = 2 Na+ + SO4 =

Al2 (504)3 = 2 Al +++ + 3 SO4 = )

Emphasize that the charge on each ion is the
valence number of the atom or radical., Alsoport out. that the charges on the ions are
balanced with respect to each othe'r. (coefficients
and subscripts).

Objectives 4 and 5 Degree of Ionization'',

Use compounds common to wastewater such as' .

Ma2 CO3, Ca COv H2 CO,q which ionize and depict
by equations how they form ions in water solutions.
Define'strong and wel,k electrolytes. Specify that
the terms strong and, weak refer to the degree'of
ionization. Weak electrolytes could be-defined
as' compounds mhich dissolve In solution only
partially as 'ions and coexist in solution with
the molecular firms of the. compound. Incomplete
ionization may also be described as leSs than
100 per cent ion-jzation.

r
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Page:

Module fro:

- . .

-. _

Module -Titre: ° L
.

.

Chemistry f.or Opera-tors
;

,

.

.
,

Submodule.Di tl e: ,
.. .

/Solutions .
.,

,
Approx. Time: .

3/4 hour

.
Topic: ., 4

, \

Introduction .
_

. ..
.. ,l . .Objectives:-

,

Upon toMpletin of this module-, the participantshritild be ableto: .,.. _

1. Define: Solution, aqueous-,solution, solute, solvent, mixture.-.
2. Explain how 'solutet may be dispersedinto molecular, ionic and 'combinations

of the two forms.' ...

3.,Differertiate between a solute in solution (homogeWeous) and solids .
,suspended in solution.(heterogeneous). ;

': 4 . 4.I ,-
,7 .,

.
.Instructional Aids: , - . ..

.
.

..
, ,. .

.
. .. .

. .

$
,

.
.... ,

.4.

.

,

InStriictional Approach: - . .

Discussion ,. .
. ..

,
.

.. .- ..-,,

, .

References:

.
Chemistry Made Simple, Fred C. Hess, Doubleday an Co pany, 1955.

.

_Chemistry 'for Laboratory Technicians, Stanley Che im, W. B._Saunders.So., '1971.

.-/ i
s .

,
.te - s

,

Cl,iss Assignments; :
- ,

5

. . .

P. 66 Chemi4stry Made Simple
..

.y-,,--- 2 4
. ..

.
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Module-No:

IfistructorNotes:

f

Topic:

Introduction
,

Instructor Out;ine:

P. 66 Chemistry Made Simple,
Solutions

41.

%41°. 162 Chemistry for Labora-
tory Te,chnicians - Solutions t
Infroddction_

;

Y

4.

Objective 1;- Deflnitions

Basically objectivel concerns definitions of
terms.

Objective 2 - Sblutes, molecules and-ions.

Describe again how a solute coexists as
molecules:a& ionic forms.

.

Objective 3 - Homogeneous and' Heterogeneous

:This concerns diffeienttating between 'true
solutions and heterogenous solutions such
as colloidal systems. Describe colloids:

25
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' Page 24 of 77.

- .

Module-11o: 4 Module Title: . ,
. .

.
. -.. .4 . Chemistry for Operators

. . - ,, SUtimodule itle: .
, . .- 4

SylutiApprox. Time .

4.

,
--

. ,.
,

Topic:: . 4 th
... . ..

11/2 houi-s ' ....

Expressing 'Concentrations -.- -'
.

.

. .
Objectives:

. . , ..
.4. . .
Upo. n completion'of this module, the parti'cipant should be ablg to:

. .
. .. .. ,-

. .
12 Differentiate 'between strong and weak, concentrated and dilute solutions,

'2. Explain dilution)factor's and give an examprle.uiing BOD dilutions.
3. Describe Molarity as a method for expressing .concentration,and show how

it is calcualted. - . : .
,.

4. Prove that -concentration,unit'l mg/-r= concentration unit 1 ppm. ,

:
. -

,
. . ..

.

. ,,
, . .

,Instructional Aiiis:
.

. . ,
,

.., _. , .. .

.
.

. ,
.

.

2.10-' :- .
,. , ,

,
., ., .. . .,...4, .

, - ,
.

. . .
.

I
Instructional Approach:

, ..
.

.
. , . . .

. .
A,

biscussion < , :
. , . .

g. . . .
. .

0
..,__,

s

.

+fr . .
-, ..

Recfer-ences:
A.t. 4 - - ,

i 1 , .

Chemistry for Laboratory Techniciags, Stanley Cherim I.I. B. Siunders. Co: ; 172.
Chemistry Made Simple,. F,red C. Hess, Doubleday And Company, 1955.-

Chemistry for Sanitary Engineers, Saw,Yer and McCarty, McGraw Hill 'Co., 1967.
. ., . . .- . . ?

.
, . .

.

'..- . .. _

., .
. , .

C

. ,
lass Assignments: :-.'t

.... ,
.

Wprk concentration problem (0 ctive 4) as assigned - :.-- , .
..

-Read .PP. 66 - 67, Chemistry Made Simple
_

Work practical dilution problems
26 '. ...,

..,
..., .. . _ .
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Module No:

Expressing Concentrations

instructor I4ot-es:-:
Instructor 'Out.; I ne:

PP. 166 - 174 Chemistry for
Laboratory Technicians -

Concentrations of solutions

P. 66, 67 Chemistry Made
SiMple, Methods of Expressi
Concentration - Dilution

P., 403 Sawyer and McCarty,
BOD dilutions

<?,

0

1 C

Objecti4s .1 and 2 - Dilutions

Explain concentrations in terms of concentrated
..Oilute,,,and percent solUte. Examine how
practiteit di 1 uti on probldms may be solved;
for example diluting. cohcentrated 'stock
solutions or samples for laboratory analysis.

D dilutions could be used to examine how
di tion factOrs are determined. r

Objective 3 and 4 -Molarliy, concentrations
.

Redefine the relationship between molarity,
mole, and 'volume. Show mathematically how
mg/1 is converted into parts per million., Gi e-
molar concentrations of solute, then convert o
mg/1 and ppm.

,

27

1.

O



;

10.

0
JP"

Page 26.
. ,

Module No: , .--- --...

,

, _
.

Module Title:

Chemistry for Operators , .

.
_.

.

Submodule Title.
. ... .

Solutions
.

Approx. Time:

(

3 hours .

;

41 .

Topic: .

.-
Normality

:.

..

_
_

.. . .

Objectives:. .

Upon, completion of 'this
,

1. Define normality
2. Given the normality

.equivalents and
-,.of compound,,and

3. Indicate a 'fundamental
of equivalents will
another substance.z

4. Differentiate betweeni,di,ftering-normalities
1N, 6.N, 12 N.

,
.,

.

. .,

module, 'the participant should be to: r,
.

xlt.

as afOthad of expressing concentration.
. .

of a compound describe and compute the number'of .

show the relationship between equivalents, *actualoeight '

equivalent weight.

.

.

'-

,,,

law of cheristry which slates that a Owen number
reactexactlyFwith-the same number of equivalenTs af-___

. . ..

in terms of-concentration\ .

--i,

.

,,

.

Instructional Aids:
k .

.

Handout-No.'3 1
4'

,

.

.

.
..,

.

-

4 , 4
6 i

. .
. _

Instructional Approach: ... .. .

.
- i- -

.

Dfscussian J 1
'.

Handout No. 3-- Work probleMs

t
_______ "A____41,

.

'.

\.

..

-

.

References:
.

Chemistry for Laboratory Technictant, Stabley Cherim, W. B. aunders', Co., 1972.

chemistry Made Simple, Fred C. Hess, Doubleday_and Company, 1955.'
Manual ofInstruction for Sewage Treatment Plant Operators, Health Education

Service
Analytical Chemistry,

. .

Ptetlyzk and 'Frank', Academic Press, 1974.

..

. .

.
r

_il

Class Assignments:
.

.-

ead PP 175 - 180 Chemistry for Libaratory Technicians
tudy andout

-28-
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Page 27 of 77

Topi c:

.Normality ,

Instructor Notes: ,Instructor Outline:
g '

PP. 175 - 1'80 Chemistry for
Laboratory Techniciant -
Normal Solutiops

. P. 66 Chemistry-Made Simple -
Normality .

4

.
P. 229 - 230' Manual o?.
Instruction for Sewage
Treatment Plant Operators,
Normal Solution . .

Handout No. 3

PP. - 59 Ana
Che stry - Cal
based on Normal

F

ytiCal
ul ations
ty

Objective 1 and 2.- NOrmality

ew valence. numbe\i's. for several _examples.Indicatethat ifi a statchometriC ,reaction
'a constituent whose' amount is being measured
,undergoes' a- reaction with another substance
or is 'made to.decompose in accordance with a
well defined eqUation written i'n terms of
reactants and products. Review equatiOn forms,
generally RA + R RC + RD.

Describe that normality, molarity, is a
method of expr- sing concentration and is
commonly used' n wastewiter control.

Define equiv lent weight an'd emphasize thatit is depen ent peon the valence involved inthe reacti. Use examples and refer to
Handout No 3. -Determine equivalents from .
equiValen weight, and then describe normality.

_M hand t examples. Show that normality
then is- n alternate method, though an indirectone, of expretsingtoncentration. Its utilityis defied by the. fundamental law Ni x m11 =
2 x m72, described in (2). Work through therelati nships-of N, equivalents, equivalent

weigh , and actual weight several times.

Obje ti:ve 3 - Equivalents in reactions

Thi significance of -Using normality is useful,
du- to the fact that one equivalent of reactantA will react with exactly 1 equivalent of

actant,11, 4 equivalents with 4 6iluivalents,
nd so on:

'
resent the fundamental .equ4tion describing'is rei,ationship. Normality 1x volume 1 =

Notmality 2 x Volume 2, atiutvalints =
ecmivalents. Oise an example such as what is
the ribrmalify of; a Na OH solution if a specified

n6esgd to exactly react wjth a specified
g quantity-NA. an aci-d,-1-1C1?

A

0.

29
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To reic:

Normality

4
e k

Page . 28 of 77

Instructor Notes:

0

4

.4
%

Instructor Outline:
,

J

Objective 4,- Concentration in terms of
normality

Show how differing normalities of a substance
describes 'di ffering concentrations and
discuss .their preparation.

c

,30

4

' 4
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Module 11o: . Module Title: . . ,

phemistry for Operators .
,.

, .
Submodule Title: - .

,
Solutions _ . .- <

Approx, Time: . ,
\ Topic: . -

11/2 hoUfs Solubility .

.-,
Objectives: ,

... -

Upon completion of this !nodule, the participant should be able, to: .

.
1. Define solubility and factors influencing solubility in terms of concentration
2. Explain the process of dissol and depoSition of a solid in solution.
3. Distinguish between, a seturat , unsaturated and super-saturated solution.
4. Explain the equilibrium conditi n ford substances at saturation where

dissolving and deposition proces es occur at equal rates simult,aneotisly...
.

_. .

. . .
.

.
Instrudional Aids: .

. . ... . .
. . , . '

,,
. . ,

, ., .. . .

Instruttional Approach: .

. ' .. .
.

Discussion ,

.,

.

,..
.

7
,1 ..

.
. ., .

t
A
..

. . .

0

References: .

. - ,
.

Chemistry for Sanitary Engineers, Sawyer and McCarty, McGraw ,Hill Co. , 1967. '. .
ChemistryMade Simple, Fred C. Hess,.D.oubleday and Company, 1955.
Instructional Development Workshop, EPA', Utah-State University._
Introduction to Chemistry,- Tur-k , 'Mei sl i cti, Brescia, Arents, 196 :

...- _
.

..

. . .. . . t ..

.... ----
Class, Assignments:`

.
,

Read PP. 69, 70' Chemistry Made Simple
r

.

4

.

Do Section 18 Instructional Development Workshop

1

..., . o 1 ''4 .
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Module 14o:,

Instructor Notes:

P. 69, 70 Chemistry Made
Simple - Solubility

Page 30 of 77 ',

. 'Pr

Solubility

Section 18 Instructional .-

Development Workshop - The
' Nature of'Solutions

P. 31 awyer and McCar
Mgtero neoUs Chemic
Egtfilib

I

Instructor Out;ine:,

. \
ObSective 1 - SolubilAty

Describe solubility and factors influenang
solubility. I would restrict thtfaciors
influencing solubility to solids in liquids.
Explain solubility Tn terms of concentration,
mg /1. -'

, I
,

Objective 2 and 3 - Saturated, Unsaturated
Solutbons

Yoe

Illustrate the reversible process of dissolving,.
and deposition of a solid in solution. Explain
the conditions of saturated, unsaturated; and
supersaturated for solids in .liquids.

Objective 4 - Solubility Equilibria
.

y ,

Describe heterogeneous equilibria for solidi
and indicate relative saturation values.
Spec* that the dissolved portion is ionic.
Show by equation from the reversible
relationship between ions in solution and the
deposited solid and relate '-to an illustratiop

1

-
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Page-

Modulelio:

. ,

. .

Mo4u1e Title:
, .'

Chemistry for Operators
.

....,:............

Submodule Title: ,

I:

Solutions
.

t,- . . .

. ,

Approx. Time:

3/4 hour
Topic:

.
.

Ionization in Solutions

.

Objectives:.
.

,

Upon complejtion of this module, ihe participant should be 'able to:

1. Describe the ionization process in aqueous solution.
2. -Explain how some solutions will conduct electricity and others will not

.

and how this is used in laboratory. testing..
.

..

. .
.

.

.

. .
,

Instructional Aids:
/_ . .

Conductivity demonstration if available ,
.

. . ,
.

. .-

.
.

.

.
. ,

- .

-,T

Instructional Approach: .
.

.

.

'Discussion

Demonstration - conductivity .

,

- ...

References: .
,

Chemistry Made limple, Fred C. Hess, Doubleday and Co., 1955.
Chemistry for Laboratory Technici s, Stanley Cherim, WY B. Co., 1972.o.

. . _

. '.
.

.

4. .
,

,Class Assignments: .
,

.
. . .

. .
. -

. . .
. ..

.
-.

.
. . ,, 33.

.
, . . .



4.

Module Uo: Toric:

Ionization in $olutiQns

Instructor Notes:
.

. .

P. 77 Chemistry Made Simple_-
Ionization

P. 239 Chemistry for
Laboratory Technicians -
Conductimetry

t '

S

gi-

Page 32 of .77

1

InstruCiOr Out; in,:

'Ob'oCtiVe 1 Ionization

Re:exami e the ioni zati on" process .i voter
solutions Define degree of:ionization and
..indicate t t much of laboratory,testipg is
concerned wi II' ions in solutl-ons.

Objective 2 -( onductivity - Solutions

Explain the.analysis of total, ionic
concentrations by conductivity measurements.
Specify that the purity of water may be
deVrmined in part by this measurement;

.0,

.
6

a.
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Module No:

t

Approx?Time:

_ 1 hblir

4

-Rage 33 of .77,

Module Ttle:

Chemistry' for Operators-

Submodule,fit)e:

Solutions

Topic:

% .

4

;

Susperisions; Colloids, Solids

Object4ves:
$...

,
1. :Differentiate between true solutions arid colloidal diSpersions and name types

of substances in water that are sometimes considered soluble actuallpform -.

colloidal dispersions.
. . .

2. Define tbrbdity and describe causes. / . .

3. Differentiate between dissolved substances and undissolved substances. f
4. Differentiate between total solids and sutpended.solids in-water and

wastewater as performed by lab analysis. .

Instructional Aids:

Solids testing,apparatus ^1 X

Singer SVE Filmstrip = solutions, sug,pensio* and

Instructional Approach:

Discussion
-Filmstrip - A 493-6

:
References:

r

rr

Chemistry for Sanitary EngineerSiSawyer and McCarty,. McGraw -Hill Co., 1967:

Class Assignments:-
Read PP. 290 - 2§8, 214, 215 Chemistry for 4anitary Engineers.

35
.11

-1. ."
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Page "of: 77

Module No:
-//

Suspensions, Colloids, Solids.

Instructor Notes:
losinctor Out'; ine:

4-

P. 214, 215 Sawyer and McCarty
Colloid CherhistrY

c ,

PP. 290 - 298 SaWyer and
McCarty -(Solids

PP. 435 - 437 Sawyer and
McCarty, - Solids

.0

A'

-Objeotives 1 and 3,- Tr Oe and Colloidal

Describe the relationship between-colloidal.
dispersions and true solutions, mol,ecular. .1

and ionic. Use colloidal dispersions, to
exemplify the narrow range of Sizes between
dtssolved and undissolved substances.

Objective 2 - Turbidity
...-

d
.

Define*turbidity 'acrd indicate* the range of sizes
of suspended materials causing turbidity. '

Objective 4 - Solids .

Use solids analysis to didgrammatically,show
the reldtionship of total, suspended and
dissolved solids.'

-

4.

6 r.

Ck

.4

,
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Page 35 of

flodul'e ti ch

(------
, .

.

Module Title:. .

Ch'emistry. for Operators

Sub- module Title: .
. . ,

Solutions
. .

.Approx. Titre:
1 ,

.
%

3/4 hoqr
. I

Topic:' .,...

Miscellaneous Sol ubi 1 i ty
. ._. . .

Objectives: .
_\ .

-Upon completion of this nodule, .thepirticipant should be able to:
. .

0 .

1. Usingdissolved oxygen and carbon dioxide describe the relationship between
pressure and temperature and the solubility of thes-e 'uses in a lagoon.

2. Contrast between the relative solubilities of heaVy metals, pesticides,
Inorganic and organic substances in water. -,

. .

. 0 .- o. .

Instructional Aids: .

,.

.. .
_

. .. .
, . .

. . .

Am., .

. l. ., .

.
.

Instructional Approach: , . .0 . ..
.

.Discussion

. .
..'

.

e erences: i

Chemistry. Made Simple, Fred CI. Hess,.DouVieday and CO.,- 1955.
..

. ., ,- ..
..

.
.

,

Class'-Assignments:
.. .

__

Read PP. 69 - 71 Chemistry Made Simple

- .. ..... 4 "3PN

,

,.
.



Page of 77

Topic:

Miscellaneous Sol ubility

Instructor Notes: Instructor Outline:- AC

Objective 3. - Solubility of Gases

\,

Chemistry Made 3 Explain the factors inflijeng ity
-Simple - Sol.ybility of gases in liquids,- Using lagoons show the

relationships of these factors to solubility
of dissolved oxygen and carbon dioxide.

Objective 2-- Relative Solubilities of Substances

Discuss the fact that solubility' of substances
in water is directly related to. the'nature of
the solute. Discuss the relative solubility

substances such as pesticides, relatively
insoluble, metals fairly soluble, organics

'1

A.

generally less 'soluble than inorganics etc.

38

4
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Modute for 'Modul Tttf--7

Chemistry for Operators

Page 37 of 77

Approx. Time:

Submodule

Solutions

\ Topic:

3/4 hour Miscellantous'Solubility.

cr

Objectives:

Upon completion.of this module

1. Using activated 'carbon and

adsorption of solutes. .
2. Indicate the employment of

treatment.
3. Describe miscibility, prti

, the participant 5hOuld li-e-,able to:

other materials describe the process of

osmosis and dialysis in water -and wastewater

tioning of solvents, and solvent extractions.

Instructional Mods:

Instructional Approach:

o

Discussion

c

ReferiocAs

Chemistry
Chemistny
Chemistry

for Sanitary. Engineers, Sawyer and McCarty, McGraw Hill Co., 1§67.
for Laboratory Technicians, Stanley Cherim,A. B. Iaunder Co., 1972.
Made'Simple, Fed C. Hess, Doubleday-and' Co., 1955.

Class Assignments:

Read PP. 206 - 209, 177 - 180'Chemistry for Sanitary Engineers
Adad P..71 Chemistry Made Simple

39 t_
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J

Page of 2:z_z__

de.

Topic:

Miscellaneous

fa.

nstrUctor Notilis:

PP. 206 - 2.09 Sawyer and
; McCarty Adsorption

, .

Instructor Outline:

PP. 177 - 180 Tawyer and

McCarty,Asm6sis.and Dialysis

P. 163 - 166 Chemistry tO.r
Laboratory T ns -
Solubility and, Mi s ci irlity

P. 71 Chemistry Made.Simple
Law of Partition

I/

`Objective 1°'-- Adsorption

Define adsorption and explain why activated
- carbon is' used extensively; large surface area
in relation to mass .4

-
11,

. Objective 2. Osmosis ':arid Di alysis

Briefly describe. mosis and- indicate hOw .

dialysis is used in:separation .of solutes.

Objective 3 - Sol vent .Mis ci bi 1i ty

Briefly describe miscibility, solvent
partitioning and extractimns.

Exam No. 2 - Next Session .

4
r

aw
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Module No:.
P

Module Titlep- -(--

--
$

Chemistry for Operatoifls
.

.

Submodule Title:
. .

.

Chemical Equilibrium I,
,.

.
, .

Approx. Time:
°

.

. ,-

21/2 hours .-

4

-,
.

.
Topic: .. -General Equilihrtum Conditions 0

Objectives?
4

. .

-06ncompletion of this module, the participant should be able to:
:lei,

.

I. Define reversible and non-reversible reactions.-
.

.

2. Explain'the reversible reaction condition for solids in aAsaturated solution.
3. Given a reaction describe the equilibrium equation and see up kmathematical

.epreAicin for,the equilibrium constant. .

4. State LeChatelier's prinaliOle and indicate how it is used to predict the .

outcomer6f a given change in equilibrium conditions. m
. . .

5.:- -DifferentiAte between heterogeneous and homogeneous equilibrium.
.

,

Instructional Aids:
s .

. , ,
.

.
.

. _ . . .

. .
, .

,. . ,
. .

,

_ ..
.

.

A

NN

Instructional Approach: -

'...: , . .

Discupion .
. . ..-

. .--
,

.

,
, .4

,

_

. .1. -
.

r . ., .

_
.

0References.: , .

.. ,
.

,

Chemistry Made Simple, Fred C. Hess, Doubleday and Co., 19:55,:
.

.

Instructional 'Development Workshop, EPA, Utah State University.
-..

,
..

.

, ,
. .

.
.

..

..

_
.

. .
.

,
.

.

Class AssignmentI- .
, .

Read Section6 Instructional Development, Workshop :
,

Read PP. 78 -,84 Chemistry Made Sfhple .

-
.

. . . .

4 e"
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Page 4n , of
Module No: Topic:

General Equilibrium

Instructor Noteer lasthictor Outline:

Objectives 1 and 3 - Reversible, Non-reversible
Reactions, EquilibriumPP.. 78 - 84 Chemistry Made ExpressionSimple, Chemical Equilibria -

Describe the condition of equltPrium. for
partially ionized weak electrolytks as an
example of reversible reactions. DistinguiSh
equilibrium types from non -rev rsible reactions.
Use equations and examine theytibols used,
molar concentration-s-,---equil i bri um expression, etc.

Section-6, Instru tibpal : Acetic acid could be used,to show, by equation,Development Worksh how it dissociates partially into ions resultingChemical Equi 1 ibri in molecqlar-ionic equilibrium.
.

Differentiatp.-again between strong and weak'
electrolytes, percent ionization.

Explain' how a weak electrolyte maintains a
constant degree of ionization', "and set up the
mathematical expression.. Show the relationship
betweu -init' compound concentrationandresultant ionic conceritrations,using the
ionization constant equation,

$ Show how coefficients in .the reaction equation
are used.in -. he ionization constant equation., -Work.gut uillbrium expressions for "situations
where-c efficients are used or not used. The
ionization equation may be defined as the law
of mass action expression. ,

,

Objective2 - Solids - Reiersible Reaction

r:

. , ,

Explain the reversible reaction situation for a
slightly soluble solid. Discussgthe equilibrium
condition of solids in, equiMrium with. their '.ions by illustrating with ,a slightly soluble
solid. This is covered in.more detail in topic
Selubility Equilibria.

Objective 4 - LeChatelier'sPricipre

With emphasis 'on concentration, show how an
equilibrium' situatiou.or a weak elecrolyte
will shift_poiition of equilibrium twadjust

42



Module No:

-fe

Topic:

General Equilibrium
.

:Page 41_ of

Instructor Ncites:
Instrktor Outline

A

45

.c

4

for a change in concentration. , For example,
using HF, describe ho;i an increase in F tons
from an external source will ,.introduce stress
and cause the position of equilibrium to shift
in relieving the Stress.' Mathematical treatment
is probably not necessary.

,Objective 5.= Hetero*fteous; homogeneous -

Equilibrium.

Briefly discuss the differences between
heterogeneoys and homogeneous equilibrium.

*1

7

.

1,

r
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Module No;
.

Approx. Time:

2, hours

Module Title:

CheMistry for Olaipratord:

\.,

Page 4z of 77

Submodule ,Ti tier

Acids and Bases

Totopic:

Introduction go!,

Objectives:
-

.

Upon - completion of this module, the participint should be able to:
. . .

..

1. Define acid, base, salt, conjugate acid and base, neutralization, hydronium fo..___ ....___________ _

2. List common ad ids and bases used in water and wastewater.
3., When given the name or formula for an acid and bdte write kbalanced chemical

equation fOr''tpe reaction which occurs and t44 name the salt formed.
.

4. Differentiate between strong and weak acids and bases.

Instructional Aids:

Singer SVE Filmstrip - acids; bases, and salts

(..*

,,

Instructional Approchti

Disdussion ,
Filmstril; - A 4934. .

O

References: .

, .
=

..

...

°- -Chemistry for Laboratory Technicians, Stanley'Cherim, W.

,

B. Saunders Co.., 1972.
Instructional Developwit Workshop, EPA, Utah .State University. ,.

Manual of instruction for Sewage Treatment Plant Operators, Health Education
Service.

',.

f , c

4 4

Class Assignmats: A

Read PP. 186 - 188 ChemisV:y for Laboratory Technicians.
Sa

44.

.) 4
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Page 43 of .77

Module fro: Topic:

Introduction

Instructor Notes:

: .

Instructor Outline:

1'

P. 186 - 1'88 Chemistry for
Laboratory Technicians - .

Acids -and BaSes

P. 227, 228
Instruction
Treatment P
Acids Bas

Section 20
Development
and Bases

Manual of
for Sewage

ant-Operators -

s

nstructional
orkshop - Acids

/

;'

Objective 1 - Acids, bases

Define ,acids and bases as proton donors and
acceptors,. Define neutralikation as a term
.applying to equal numbers of Rand OH ions
eombloing to forM water.,

.

Objective 2 - Common acids and bases

List acids'and bases common to wastewater
treatment or analysis such as sulfuric, carbo
hydrochloric,-sodium hydroxide; ammonium
hydroxide etc. .

Objective 3 - Neutralization

Show neutralization reactions, by equatioxis for
simple'acid - base titrations.

Objective 4 -"Strength of acids:andbases

.

.fmphasizedthat strong and weak acids and bases.
referi to the degree of ionization.

-#4

4
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Page 44 of 77

Module No:

.

Or

Module Title:
. .

%Chemistry for Operators
,

Submodule Title:

Acids and Bases
.

.

Approx. Time: \

11/4,hours,
, ,4 .1

1.,..-,'

Topic: 1

.

pHs 1
-

Objectiyes: .

.

; .

.

Oon completion of this' module, the should be able to:participant

,

1. Define pH and indicate that pH, is ;a mathematical expression for hydrogen ion
'concentration.

2. Illustrate the pH scale diagraMmaticilly showing neutral, increasing basic
strength and increasing acid strength.

..
.

3. Identify 3 instances in water and wastewater treatment where pH measurements,
are used and indicate their significance. .-

.

,

. _

. .
.

.

--.'

-.Instructional Aids:
II A

.

. .
t

.
.

.

pH, met'e'r, pH colorimetric testing kit
,-, .

....,-
..

.

.
. .

.
-4... 1 1

,

.
i

-Instructional Approach:.
.

_

,

..

.

.Discussion

Demonstration - pH meter, colormet.ric pH tests
.

.

0 /
. . ,

a '9 .

References:

v..
.

Chemistry for Laboratory Technicians, Stanley Cherim, W. 13: Saunders Co., 1972.
Instructional Development Workshop, EPA, Utah Statg.tUniversity.
Chemitry Made Simple, Fred C. Hets, Doubleday and Co., 1955. .

. .

ChemistTy for Sanitary Engineers, Sawyer and McCarty, McGraw Hill Co., 1967.
Modern ChemicalTechnOTogy, Chemical Technician Curriculum Project, Volume 3;

,971-.' t -

,--- -
).

. ..
.

- v, ,

Made Simple
for Sanitary Engineers

.

.

. AC *Z.:

7
Class:AssignTents:.

Read'PO.' 64, 85 Chemistry

Read CH15,.Chemistry
1
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Module No: Topic:

'pH

Instructor Notes:
'Instructor Outline:

Pp.-192-196 Chemistry for
Laboratory Technicians - the
concept of pH

Section B Instructional

Development Workshop* pH

Demonstration with pH meter,
col ocimetrix, tests

',P. 84, 85 Ch'mistry Made Simple.
pH .4

-, I

PP. 437 - 447 Modern Chemical
Technology - Measurement of pH

..-.--)

*)Ch. 1 Siwyer and McCarty, pH

o

Objectives 1 and 2 - pH

Describe pH as a function of ,hydrogen ion
concentration. Give the' mathemati%cal expression
but limit mathematical treatment.

I

Explain.,how 'pH may be-.measured -by using pH
meter or colorimetric methods..

Illustrate the pH scale. ,Give' examples of
substances as they relate to a certain pH..

. -

Objective 3i- pH Measurements -"WasteWater

Simply discussiexamples of here pH is taken
in iastewater treatment, su as in a'digestor,
1 agoon,. effluents; etc, a briefly 'expl ai
Why they are Oken.
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Page 46 of 77

Module N : q .. .Module Title: - .

Chemistry for Operatqrs
,-

A

Submodule Title: . _

Acids and" Bases - . .

.APpAx. Time:.

1 3/4 hours

Topic: .

.

Neutralization Titration:

.

Objectives: .

.

. .

Upon completion of this .module,-the-participant should be able to: ,
.

. .

1. Define neutralization reactions, titration, end point, indicat5rs.
2. Differentiate between acidity, alkalinity and pH.
3. Discus's how acidity or alkalinity can be determined using the basic

equation-NI x Vi = p2 x V2. .... -

4. Des,cribe how alRalinity.in terms of Mg/liter as calcium carbonate can bq,
determined bytitration-with a specified normality of acid titrant.

. ____

Instructional Aids:
. .

-
..

- .

EquipMent for titration -4acidity.
, . .

.
.

. .

. ., .

....;.;-
_

. .

, '
.

,
.

..
.

.. , .

Instructional Approach: -..
,

. 0 ,

Discussion .
,

,

-Titration demonstration-
. .

. .

. ,

.

References: . .

.1. . . . .

C emistry for Laboratory Technicians, Stanley Cherim, W. B.'Saunders Co., 1972..

.

Manual of Instruction-for Sewage Treatment Plant Operators, Health Education
Service.-

a .

,\
.

.
. -

. .
A (.

-
.

.

4assAssignments: i. .

.

. .
t.. .

. .

Read PP. 189 - 192 ChemistrY for Laboratory .Teclinicians ,,

.. 48 .. ...I
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Page 4.z_ of _72_
Module 'Ho: Topic:-

Neutraliztti on
t.

1 Irstruct.or Notes: Instructor Outline: 0

,
PP. 189 - 197 Chemistry for
Laboratory Technicians - Acid
base ti trations

- Demonstration of a titration

P:'230 Manual of Instruction :
for.5ewage Treatment Pl ant
Operators, acidity, alkalinity,
pH

Objective 1 and 3 - DeterminiTrg acidity and
alkalinity ,

Simply discuss the mechanics of. 'neutralization
titratiOns,- how eudpoints are determifftd. ,

Using the law of mass action N1 x V1 =
N2 x 1,/2 show how aci di ty is determi nets. Give
a basic equation form whereby so many mciliters-

titrant will yield a quantjtY-of acid.
Demonstrate titration -of a sample 4Or total
acidity.

/Objective 2 - pH, acidity,. alkalinity

Emphasize that pH is--not necessarily a
measurement of acidity pr alkalinity but
merely Teasures the activity of th.e hydrogen
ion ; ,and not necessaribi,the total concentration
oran acid or base since ionization is a factor.

Objective 4 - Determining alkalinity

Explain'that acidity is reported -in .terms of
equivalent of Ca CO3 'since many times it is
not known what acids are present. Show how
acidity mg/-1 is changed to ,mg/1 Ca CO3:

49.
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.

:

Module No:

t

Module. Title,:

. ,

Chemistry for Pperators

Submodule Title: .. , ..
.

Actids and Bases
, -Approx. 'Time:

1 hour
Topic: . . ,-

.
- . -

Incomplete ,Ionization - , . ,'
Objectives: , , .

'4 .. .. .
Upon completion ,of this modules_the participant, should be able to:

.,
.

1. Indicate that week acids and bases. are incompletely ionized and coexist in
solution as molecules and ions.

.

2. L t*2 strong and-weak acids and bases found in water and wastewater.
3.. Given the ionic *equation, describe the equilibria .condition that occurs

in a weak acid Cr base in tolution- and set up alriathemati,cal expression for'
the ionization constant.

4. Illustrate how a salt of an acid or base contains a corrmon lod. :- et
.

. .
,. -,

e
.

Instructional Aids: , ,
-. .

. . , , .
-. . .-

: . .

.. . Y. , e
. o

..h, .
..

1 A 4;Y C'

3*: ,
ct- , .

.. . , ,

,
. ,

InstrucfiDnal Approach': - . . -
a .. , . 8 . .

. A . 4 b , 1 'v
Discussion . ..

r a .
-- . -.'''

.. .- 8 _. ..., 4.
. .

.
, A ,

.

, "., -
.References: . -

.
. ..., ,

.
Chemistry Made Simple, Fred C. Hess, bledq an Co. 419SS. ..t.- -

. . .
. ...

. ...._-
. . ,. .. .

-
,

.

. 1 .
, .

-,-, . .
,.

, . .
Clas Assignments: .

. ...- , .

Red PP. 86, 87Chemistry Made Simple .
.

.._. gin.. w
.,

--
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Instructor Notes:

Topic:

Incomplete Ionization.

Page A9-moof 77.

InstruCtor Outline:
(--

I

P.' 86, 87 Chemistry Made
Simple - Hydrolysis

/

re'

d

Objective.1 - Incomplete ionization

This concerns reiteration of previous
applications.

-Objective Acids and- bases, examples

Give examples of strong-and weak acids and
bases.

Objective 3 - Equilibrium expression.

Review equilibrium expressions for weak
electrolytes and the ion*zatio constant

\expression.

Objective 4 - Common ions

,,Show by neutralization ections how-salts
carry an ion common t the acid and base.

51
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- _

Module No:

.

Module Title:
. .

.

Chemistry for Operators
.

,

..

.

.

Submodule Title:

.Acids and Bases
,

. -1(

, .--Approx. Time:

1 3/4 hOurs

r
.

Topic: . .

Buffecsr
Objectives: -

.

.

Upon completion of this sdule,the participant should be able to: ;
.

.

I.' Define pH buffers. . t ..

..2. Explain how buffers are, -used for resist changes in pH.
.

3. Describe how buffers are prepared. .

4. Given the addition of an acid or bases to'a buffer solution describe the
. .mechanism involved 4n determining the capacity to buffer.

,
.

.Instructional Aids: .
.

-,
..

.

.

pH meter, buffer solutions,i standard acid. solutions
Film if availabore ..

.

k

. . .

,
,

_

tnstructionallAp oach:
,

Discussion .
. .'

Demonstration of buffers action. - titration . -
,

.-..

, .
. .

. .

. -, . .

,

A.

_

,

.

.

References:. .

Chemistry for Laboieturrechnicdah, Stanley Cherim, W. B. Saunders Co.. 1972:

.N;,

.

.

.

.

..

Instructional Development =Workshop, EPA, Utah State_ University.
.Chemistry for Sanitary Engineers,Sawypr- and McCarty, McGraw Hill Co.,-.1967.

Modern Chemical Technology, Chemical Technician. Project.
-, . ... .

.

,
.

,

.

Class Assignments: .

,
.

.

Read PP.'196 z:198 Chemistry-for Laboratory Techhfcians .

.

t. 6

. .
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Module Ho:
.

52"

Topic;

Buffers

Instructor_Notet:
Insirdctor Outline:

PP. 196 - 198Chemistrylor
Laboratory Technicians -

.Buffers and pH'

PP. 70 - 73 Sawyer and McCarty
Buffers

Section 10 Instructional-

Development Workshop, then.
common ion effect and
buffered soldtions

PP. 447 - 449 Modern Chemical
Technology - Buffers

Objectives 1 and 2 - pH buffers

Define tuffers'and how they act to resist
changes in pH. Indicate the importance of
natural buffer systems in wastewater. Specify
the common ions in buffer systems.

Objectives 3 and 4 - Mechanism of buffering

Describe how buffers are,prepared and show the
actual process of buffering involved for a
buffer solution.. Explafn why bOffers are used
to standardize pH meters. A buffer
demonstra44on could be presented by preparing
a buffer solution and adding acid. Examine pH
changes by a pH meter. Compare this with a.

non-buffered solution by adding acid toiit
and observe pH changes.

C

3

Ip

I
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Page 52 of 77
Module tio.:

. .
1 *

_

.

...

Modu1e'Title: = . . .

0.: A , ' N .
.

.
,Chemistry for Operators

Su dule Title:' -
4..

, Acids and Bases
*zr-,.-Approx. litre:

.. ,

..,

11/2 hours.
-.. ,...

Topic: --.
I ,

,
_ Alikalini.ty in Natural Water's' ., . -,

.
_ - _Objecti'ves:- , .

Upan.cOmpletion of this module, the participant should be able. to:

.
1. List contributors of alkalinity

I

in-natural waters.
2. Describe why alkalinity as a measure of buffer capacity is so important in

wastewater treatment.
Explain .how algae blooms .cause.hIgh 'H values. , ,

4. Describe hot: P alkalinity and total alkalinity is determined 'by titration
with sulfuric acid.

/ -
. . ...

.

,

Instructionl Aids: th
,

'
Q .i ,..
.,

:Titration equipment - . - ,.
. , .. ..

- .
.

.. . IP.
.

...
.

. .-

.,
Instructional Approach:.

.
4 . . .
.,. . .

Discussion , .
.

.

a
_Alkalinity titration demonstration ,r, , .

. . .
.. .i'

, . .

. _ .
.- .

. .'
References: .

. .

Chemistry for Sanitary 'Engineers, Sawyer and &tarty, McGraw Hill Co., 1967.

,

1 .,, .

)... .

.
t . ,." .s

V r,..-,

. .

Class Assignments: . - ..- .

:. .

. - . -
. .. .-

54 ..
.
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Page 53 oft-77

Module 4o: Topic:

Alkalinity - Natural Waters'.

Instructor Notes:
Instructor Outliner

o

Objective 1 and 2 - Alkalinity contrfliutors

PP. 327 340*Sawyer and McCarty Define alkalinity as a measure of its capacity.
i to neutraIize.acids. Naturalwaters' alkalinity
is prinarilydue to salts ofHWeak acids.
Describe:the forms of alkalinity in natural.
waters 'such as bicarlapnates, salts. of
hosphates etc.

Alkalinity;

_Demonstration of titration .

4

r

,Objective 3 - Algae_blooms and pH

ShoW how algae blooms in lagooKs maygincrease
the pH value, describe4shanges in alkalinity,
forms by:equilibrium equations for this
situation.-

/

Objective 4 - Titration for alkalinity
.

Demonstrate how alk'ali9ity is determinedby
titration and equate to a simple formula,
ml titrant 'a quantity exvssed.as mg/1
alkalinity. -)

,5 5

.

.
4
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Module No:,

-,,

, . , . ,
MOdule Title:

. ..

ChemiStry for Operators

'Submodule Title:'

Acids and Bases .
. . , ,

,Approx. Time: ..

3/4 hour

.Wit: ,

Acidity in Natural Waters

Objectives:

Upon corrpletion
-. + ,

1. Name the
2.* Discuss

.

.

1

Of this

most common
why ground

-
.

.

___,___... .
,

module, the poticipant should be able to:'

sources of acidity in natural wat
waters 'contain large amounts of CO2.

.
.

,
.

..

Instructs azl

i

Aids:
.

s

P. ,
1 .

. .

' ,

Instructionall',Approach:
4._ .1

-

Discuision)
,

.. 4-

.

.

.*.

..'
. .

,,
.

. . .
.. ..

a -4- , i -- . t .
- -1, . .

References:,
}

, 4

Chefilistry for Snitary

\ -

.
, 1

't

.

Enqineet.s, Sawye-r* and McCarty, McGraw Hill Co., 1967,
. I , < ; t

f -t- ,

i , - ..

. . ,

A . . ,-,
Class Assin ments: .

. .

Read PP. 321, 322 Chemistry for Sanitary Engineers

.. I 56
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Module 14o: Yopi c:

Acidity - Natural Waters

Instructor.Notes:
Instructor Outline:

PP. 321, 322 Sawyer and McCarty
.:Source$)and Nature of Acidity

'
-

"sr

7

)

7

S

Objective 1- Acidity sources .

Discuss sources of acidity in,natural waters.

Objective 2 - CO2 in grdund-Water

Indicate the reasons for high concentrations
of CO2 in ground waters..

4

57
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Module No:

9

Approx. Time:

Page 6 77

Module Title:'

Chemistry for Operators'

Submodule Title:

Solubility Equilibrium

0 0,

pi hours

Topic :.

.Solubility Equilibria

Objectives:

Upon completion of this module, the participant should be able to:
.

I

1. Explain that insoluble is "relative" and means slightly soluble since all salts
dissolve;.tb some extent.

2. .Given talcium carbonate as an example, explain that as "insolubles" dissolve
they do 'so as ions and result in solid-ionic equilibrium.

3. Given an insoluble compound describe the equilibrium equation and the
mathematical expression for the solubility constant.

4. Discuss how the addition of a common ion will upset the equilibrium and how
the stress is relieved.

1/2

5.. Examine how slightly 'soluble compounds have' differing degrees.of solubility.
.

InstructionalAids:

InstruCtional Approach:

Discussion-

Werences:,

Introduction to Cheastry, Turk, Meislich, Breseia; Areints,, 1968.
Chemistry Made Simple, Fred .C, Hess, Doubleday and Cp. ;,4955.
Analyti cal Chemistry, ;'';-Pietry,zk' and Frank, Academic Pr4s, 1974.

4, 4

1

Class Assignments:

Read.15P.. 87 .-89 Problems Set.# 11:, Chemistry Made Sim6le-

58

4-
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Instructor 14otes:-

6

Topic:

Solubility Equilibria

Instructoi. Outline:

P,age 57 of 77

4

Section.7, Instructional
Development Workshop -.
Solubility Equilibria

PP. 87 - 89 Chemistry Made
Simple 1-= Solubility Produtt

J

a

)

Objective 1, 2, and 3 - Insoluble solids, t
solubilitk-040116-ria,

Redefine solubility and insoluble solids, point
out that "insoluble" is a relative term since
all salts dissolve to an extent. .Re-examine.
the reversible situation for solid-ionic
equilibrium.

-

Define the mathematical expression for solubility'
products and define symbols used.

Objective 4 - Solubility, common- ion

Show how the additibn of a common ion from an
-external source will upset the equilibrium
condition=and result in deposition of the solid.

Objective 5- De9rees of solubility .

Discuss relative differences between solubilitie
and solubility products for unlike compounds. 1

Indicate that some Compounds, which contain a i

comrlion ion, may precipitate out sooner or later J
than others depepding upon the magriitude of the
solubility product..

Exam No. 3

/
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Module No: Module Title:

Chemist for Operators

fv

4

Approx. Time:

11/2 hours

Objectives:

Submodule Title:

Introduction and Compounfis.

EVALUATION - Part A Covering Submodules Introduction and Compounds',

Upon.completion of this module the participant should be able to answer correctly
70% of the evaluation. estions.

,

.

.

Evaluation Questions:

1. Using the periodic table find the symbols for the following elements and list
their atomic weights: Calcium, sodium, nitrogen, iron, chlortne, magnesium,
mercury trt

2. Given the compound CaCO3 list the elements it is composed of and the relative
quantities of atoms in the-compound-

-3. Describe the general positions of neutrons, protons, and electrons of atoms
in elements, relative to each other. Differentiate in terms of electrical
charge.

. Which electronslof.the shills of an atom are involved with chemical reactions.

.. For the compounds CaCO3, Na Cl, Na2SO4, HC1, Ca (OH)2, identif\cations and
anions/which these compounds may,groduce.' List the Valences. ,

.

Define radicals'and give the valences, of the following radicals: OH, SO4,NO3,
CO3.

Make forimulas for the 'following:

Na and SO4 Valences Na = +1 SO4 = -2
.Ca and Cl Nalehces Ca = +2 Cl = -1
Catand OH VaTenices'OH = -1
taland HCO3 Valence HCO3'. -1
Na and CO3 Valence CO3 = -2

Note that'subs.Cripts are necessary

Which of the following cations are generally associaied with water hardness:

3!

, Ca++, M§++, Fe4, Hg + +, Pb ++ , Bay'
i

following:

Si
03\

, C12 "

,9. Find the molecular wet4ht oftt'4

CaCO3, Ca (HCO3)2, Na OH, H2SO4,

60
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10. Given 20 grams CaCO3, 10, grams Na Off," 33 g. Ca (HCO3)2 compute the
number of moles for the compounds.

11. Define a 1 moldr solution of Na OH, .1 molar, 01 molar.

t

12. State whether the following is a compound or element:

Cl

C12

Fe

N4
Ca (OH)2
F-

Sulfuric acid
.Calcium bicarbonate

13. Indicate whether the following statement is true or false. Water is
composed'of 2 atoms of hydrogen and 1 atom of oxygen.

,

., a,, .. i , r a o .., - ,i

1 4

1

e

O

I
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Module No:

Approx. ime:

11/4 hours

Module Title:

Chemistry- for Operators

Submodule Title:
Chemical Equations. and Sol utions

EVALUATION- Part 13--C6Vering Chemical Equations and Solutions

Objectives:

,Upon completion of this module the participant should be able to ansWer correctly
'70% of the evaluation 'questions: ,

.... ,-

Evaluation Questions .

,,
.. N . .

1. List the reactants and products of the following reaction: HC1 + Na OH
Na C-1 +1120.

il. , ,

2. Show by equation form how hydrogen flouride.ionizes into its component ions.

3. True or False. All compounds that'ioniie do so to the same extent.

-4. Indicate whether t-rue.crr false.

a. T F_ Electmlytes dissociate' into ions in solution.
T F ,Non-,electrolytesdissoliate into molecules in solution.

.

. Given a, solution of Na OH (sodium hydroxide) in water which is the solute and
,

solvent. ,, 1 _.i.

Define aqueous solution. ) 1
.

i 74 :7

. Define the difference between concentrated and dilpte solutions in te.rmsZpf
amount of solute in4solution. .

. - i ,
. TrUe or False,---A, ,.1 molar solutioT is more concentrated than ,a , molai.. `

solution'. I
) Hi

A .25
..

mdlar'sol ution of H2SO4 contains flow many mojes in 1 liter) grams in1 liter? Pi \
-,

. --., II .
,. 1

-

10. Given a ,.3-nor'mal solution of Na: 0 'how many eqbi'valents per lit r does it
s-, contairi.: ,,,,,

1 , .,
1

) .

, . '
0 .

1 .'
' Ail° t , 0 . , . . )lit

1

11.
t

Which h of the' following normalities of H2SDA ,(sulfuric acid). is more concentrated,
1N, 6N '12N? ) At

, :
. . .

i ...0 f I . 4

.
-12.CAn-salutes be dispersed in water solutions into molecular and ionic forms at the

.same time? Yes or:Na. .. I \
. . i

13. Find the equivalentiweight of the follpwing: CaC0p,:tla OH, NCI...

Given 10 gof CaCO3 dissolved in )1 liter cothpute ,the number ofpuiValents of
CaCO3 and its normality.

-
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itat.

Define solubility for solids in liquids and distinguish between saturated,
unsaturated, and supersaturated in terms of relative quantities of solute
in solvent.

16. Total ionic content can be measured by what method?

17: Total solids Minus suspended solids equal ideally.what form of solids.

18. True or false. As tie temperature of a'lagoorr increases the "solubility
of dissolved oxygen decreast6s.

J

O
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odul No: Module Title:

Chemistry for Operatbrs

Approx.-Time:

1 hour

Submodble .Title:
Chemical Equi libriumAcids & Bases, Solubility Equilibrium.

4
EVALUATION -.Part C - Covering acids & bases, saubility equilibria *

Objectives

Upon completion of this module the participant should bZs able to answer correctly
70% of the eValuation questions. -

,c

1. 'Define reversible and'non-reversible reactions.

2. Show the,:mathematical exprgssion for the equilibrium constant for the weak acid HF.
.1, ,..,--, /

=-..,' , ,ir 0-t .

3. Explain Oat an indreiirt
. --, , ons in No. 2, above Will do toth.e equilibrium

s -situation, ; .- re ,-..,,,,
I .

t'''=4
11 c' '',. :,--;-,- ,,',w i 1 e

:i4.- Define aolia and, base ijkrf of protons.

5. Give the themical equation for, the reaction between Na OH and HC1, show products,
- ;<-

6. a. or; Strong acids ionize 100%.
b.. T orf. Weak acids ionize 100%.

7. Briefly stateLeChatelier s principle.

PH is a 4unction of concentration,
. '

Illustra the pH scale showing neutral' b sit and acidic areasiof pH.,
'Given 10 1 of acid HC1: (.1N) how many' ml of .01 N Na OH are required to react
to neutr liie the acid.-:'Use the equation Nl x V1 = N2 x V2.

11. List whe hdr the following are weak or st ng' acids. H2SO4,. 'H2CO3, HC1; HNO3
. ,

42. Define p :ibuffers.. .

13. Na* the tormon ion which HC1 and NaC1 contains.'

I% .14; Brieflre plaint why ground waters 'contain relatively large amounts of co2.
. ,1, Explain W y algae bloom may cause high pH values. ,

v
, ,. . -

16. Trou or
F

lse. All solids are soluble to a certain, degree, soThe more. than others.
,

17. Show the mathewtical expression for the equilibrium constant for the
slightly'soluble salt Ba SO4 (Barium sulfate), and define Ksp. Oa++
ions and 04 = ions. .

64,
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18. For a saturate sol

an external sburce
relieved.

19. Activattd carbon is
out-of-sofuttce.7--

Page 63, of 77'

utton of Ba SO4 how -mill an increase in SO4 ions from
upset the equilibrium situation and how-is the '.stress"

sometimes used to

20. Define osmosis is and dialysis.

O

Jy .

.1

:(alsorb,or absorb) solutes

''40011K
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Module No:

Approx. Time:

11/2 hpurs

Module Title:

Chemistry for Operators

Submodule Jitle:
Introduction and Compounds

Objectives:

ANSWERS

1. Ca,- 40.08
Na - 22.9898
N - 14.0067
Fe - 55.847

.Cl - 35.453
Mg - 24.305
Hg - 200.59

-4
9

1

Page ,64 of 77,

EVALUATION - Part A - Covering bmOdules Iiitroduction and Compounds-
,.

. Ca CO3 is compoed of,,Ca (calcium), C,(Carbon) and 0 (9xygen). Relative quantities
are 1 atom Ca, 1 atom'C, 3 atoms 0. , __,

,

4,

;
.

Elemerits are tomposed,of atoms., Atoms consist of a nucleus core which contains
neutrons and protons 'na clotids' or shells of electrons- orbiting the nucleus. The
atomic numb ddtermi6es the ,quanti ties of neutrons ,.. protons , and electrons of an
atom., P ons - positive, charge, electrons - negative charger, neutrons - neutral
(no )char

, . r
Electrons im the dute'r shells of an atom.

4

I

s ,
. ) 5 cations (valence) anions (valence)

1

CaCO3 Ca, jCO3 ( -2) radical t''-'

1
1/4

,, ,

NaC1 Na ,(+1). ' 4 . Cl ( 1)
.

=

-Na SO - Na-4 (+1). 4, - i SO4
t

_(-2) radical

HCl 1l'i 0-1) ' '.C.1 (-1)
1I. ' ,

. .Ca (011)2 Ca (+2) , OH (-1) 'radical
a ,

3 6.. Radicals consist as groups Ms elements which will always act as a single unit .in
'a chemical compound or reaction.

1 - . %) - . i -;- a
-.1%' , .-

OH/(hydroxide) -1 I , ; . ,
. ,

SO4 '(sulfate) -2 ;

NO3 (nitrate') . -1 /

Cd3 (carbonate) 2

6i
w
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7. NigSOCSOldium sulfite .
rl

Ca C12 calcium. chloride

Ca (OH)2 calci1.1m h:ydroxide-t
Ca (HCO3)2 calcium bicarbonate

Na2CO3 sodiupt carbonate

8. Ca++, Mg++:,.. . ,

CaCO3 = 100.0892 (100)

Ca (HCO3)2 = ?23.1313 (223)

NaOH = 39.9971 (40)

H2SO4 = 98.0734 (98)

SiO3 = 76.6842 ,(76)

C12 = 70.906 (71)
4

10. .2 'Doles CaCO3
a.,

.25 molesNaOH

O

.148 moles Ca >(HCO3)? I
a,

."-dr 1 I; -, \ '. 0 . 1 ro.

11. 1 molar solution of NaOH is 1 mole of NaOH per liter orsoVent, .1 molaris ,1 mole -N.a0H per liter solvent, .01molar.is .01 mole NaOH per litersolvent.
. °

12. Cl - element'

C12 - compound,

*Fe - element
.

NaOH compound

Ca (OH)t2- compound

F - element

Surfuric acid - compound
A

Cal ciuin-bi caibon ate 1- compound

Water - H20, Ttue 67

0 0
0.

O

N
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Page 66 of 77_ .
Module No: Module Title:'

Chemistry for Operators

Ap prox.. Time:
.4r .

1.killours$

Submodule Titlef

Chemical Equations and Solutions

Objecti yes:

EVAIIATION - Part B - Covering .Chemical Equations and Solutibn

ANSWERS

1: HC1, NaOH - reactants

NaC1, H2O products

2. Hf if+

3. False

4. a. True
'b. True

0

NaOH = solute

H2O solvent
"-- i

Aqueous solution is.a solution of solutes in a water solvent. Aqueous is -,
derived from water.. .;

toncenttrated cqntains more solute in solution than dilute solutions. A
concanVated solution contains a substantial quantity of solute, a' dilutesolution contains relativelylatively smalil -quantity of solute relative to the
quantity of sbTvent.

,

False
4-'.,- 't**

9. .25 moles, 24.5* s , .
,

s

10. ' '.3' 4qtrival'ehts
-, >t-.-L---44-f

Il. 12'N , ..,,

12: Yes

13. ,CaCO3' equivalent wo-ight = '50. 't

t4,

.NaOH equivalent weight'= 40

.NCI equivalent weight = 36.5

14. .2 equivalents,
/

68
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i5. Solubility' tof a solid in a 1-Alyid is the .quantity of Solid that dissolvesin a given quantity of solvent to form a saturated solution. Saturatedrefers to the.."normally"
maximum amount of solute allowed tp. dissblve.,in a specified quantity of solvent, solubility. Unsaturated refers toa less than attainable quantity of solute per quantity of solvent, andsupersaturated refers to an overmaximum quantity of solute per given,quantity of s'olveTit.

.

16. Conductivity, conductbmetric measurements.*

17. DisAilved solids

18. True -

.

I

69
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.;*

Moduile No: . Module Title:

Approx. Time:

1 hour

'Objectives:

ANSWERS

Chemistry for.Operators

SubmodUle Title:

chemical Equilibrium, Acids & Bases, Solubility Equilibrium

EVALUATION C Novering acids SLbaSes, solubility equilibria

1. Reversible reactions are those which produce products from-reactant's and may also
reverse to produce reactants from products.. An equilibrium condition is attained
whereby bdth'situations occur simultaneously. Non-reversible reactions are those
which go to completion, all reactants are used up "for the reaction" to produce
products and there is no equilibrium situation.

2, HF + F-

2/ Ka = (H) (FY
HF

3. An increase in F- ions will cause a shift in the equilibrium condition resulting
in an increase in the numerator value for the equiliibrium expression. fn order
to maintain Ka (ionization) constant for the acid involved),HF will increase due
to a corresponding decrease in H+ ions. Ka is maintained. Note that since H+
decreases .a pH increase also results.

Acids =proton donors

Bases = proton acceptors

Na0H+' NC1 Na.C1 + H2O

67 a. T
b. F

6

y.,
I, -

. CeChateliers 'principle states that a reaction, at'equilibrium, will adj t itself
iTsuch.a Way as to relteve:any force, or stress, that disturb ilibrium..

Hydrogen ton

4.

70.
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)

.

.

.

)

9. 14_. "11_

13

12

11

10 Increases basic
9

8
pH 7 neutral

6

5 ,
4 increases acidic
J.

:2

1

Q

10. 100 ml of NaOH are,:required.

11. H2SO4 - strong

H2CO3 - weak

HC1 - strong, \,

HNO3 - strong

t.

Page 69: of Z.

,.

.o

A
o a

12. Buffer's are substances in solution that offer a'resistance to changes in pH
as acids or bases are added to or formed,within the solution.'

13: Cl ion (Chloride)

14. High concentrations may result from bacterial oxidation or organic matter
with which the material has been in contact, and Under the conditions Of
group water, the carbon dioxide is not free to escape-to the atmosphere.

15. Algae use c rbori dioxide.in their photosynthetic activity, and this
removal is responsible for such high'pH values.

16. True

17. BaSO4(s) Ba+ + SO4 =

Ksp = (8a) (SO4)

Itsp = solubility product constant

71
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118. -If the sulfate (SO4) concentration shoulabeJncreased-by addition from
an external source the concentration of Ba ion must decrease and the
amount -of precipitated BaSO4 must increase in order for Ksp to remain
the same.

19. Adsorb

20. Osmosis is the movement of a solvent through a membrane which is
impermeable to a solute.

- The direction of flow is from the more dilute
to the more concentrated solution. Dialysis is the condition whereby ions
are caused to pass through a wettedmembranefrof'a particular permeability
while large molecules of organic 'compounds or colloids are unable to pass
'through. Thus a separation of solutes by dialysis is achieved.

I
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)

HANDOUT No. 1 - VALENCE

A. Common Radicals,

Name Formula Valence

4
Hydroxyl- OH ;. -1

Nitrite NO -1

Nitrate NO3 -1

Suffate -2

Caf.bonate CO3 -2

Bi carbonate H 033 -1

Phosphate PO4. -3

Silicate SiO3

Arnonito ,4-1

Cyanide CN 71

Examples of compounds and ions of compounds'

,). Calcium chloride CaC12 yields Ca (+2).and Cl ( =1) ions

,to

Vlcium carbonate CaCO3 yield Ca (+2) and CO3 (-2). ions

Sodium chloride NaCl yields Na (+1)' and Cl-, (-1). ions

Sodium nitrate NaNO3 yigld''Na'(+1) and NO3 (-1) io s

Potassitm. chlorite yields K (+1)...ana C1' (-1) ions
4 ?

Ammoithmi hydroxide NH4OH yields NH4 (+1) and OH -1) ions

Magnesium*sulfate*MgSO4 yields Mg' (+2) ,and SO4 -2) irs
Calcium bicarbonate Ca (HCO3)2 yields ea (+2) and HCO3 ( -1) ions

. .

O

Sodium carbofiate Na2CO3 yields Na (+1) and CO3 1-2)) ions

Calcium hydroxide Ca (OH)2 yields Ca (+2) and OH (-1) ions

Ferric chloride FeC13yfelds Fe (+3) and Cl (-1) ions

a73
.7

"7.7.
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Cupric s fate CuSO4 yields Cu ( +2) and SO4 (-2) tons

Aluminum'sulfate Al (SO4)3 yields Al.(+3) and SO4-(-2) ions

4

f

ti

14

ktr

..
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HANDOUT No. .2 - MOLECULAR WEIGHTS

Formula, or molecular weight (M-341.) = -the sum'of all the atomic weights of
.

the elements present in the formula of the compound.

Ex. NaCl atomic wt. of Na = 22.997

atomic wt. of Cl = 35.457

Molecular st. M.W. of NaC1 = 58.454

Ex. CaCO
3 atomic wt. of Cu 46.080

atomic wt. of C = 12.011,

Molecular wt. M.W. of CaCO3 =., 100.088

Note that 3 atoms, of oxygen are the. formula and far practical purposes

160.0g8 may be rounded off .to 100.

Ex. Ca TOR)2 atomic v/I. of C = 40.080

atomic st.-of 0 = 15.999 x 2 = 31.998

-atomic of H-. 1:068 x 2 = .2.016

14olecular wt*. M.W. of Ca(OH)2 = 74.094

Ex. CH4 atomic wt. of C = 12:012
.

atomic wt. of H = 1.008 x .4.= 4.032

Molecular wt, M.W. of CH4 = -16.043

a

. Mole - the quantity-of a= compound equal pi v./eight to its molecules weight or

formula weight; may contain frictibns thereof.

s...)

Ex. 1 mole of CaCO3 =-100,088 units, usually moles are expensed in gram

a -

amount; so 1 mole of CaCO3 = 100.088 grams.

75



Like Wise 1 #1 f,NaC1 = 58.454 g.

4
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, 1 mole of Ca (OH)2 = 74.094 g.

.4 moles of Ca (0102 =74.094,g x .4 =U.6`36g.

.1 moles of.Ca (OH)2 = 74,094 g x .1 = 7.409 g.
..

2 moles of Ca (OH)2 =_74.094 g. ,x 2 =. 148.188 g.

Or givefthe quantity of a compound in grams firld the number of moles it

woo

contains.

Ex. 38 grams of Ca (014).,
c

are used to make up a solution, how many motes

Would that be?
N

p

t
Actual weight = No, -of moles 38 g. = .513 moles
Molecular weight 74.094 g.

. Ex. 29 grams of 1ia0H..(solid) are 'used to make up a' solution, compute the
, t

number of moles.

Na atomic wt. = 22.997 g.

0 atomic wt.= 15.999 g.

H atomic wt. = 1.008 g.

Molecular wt. NaOH = 4 004 g.

Actual ,wt. = 29.0 g. .725 moles of NaOH .

, M., W. 40.004 g

oAmolar solution of a c mpound' is the number of moles per liter of solution
,st

410*
A solution which.xontains a half mole ,of compound per liter of solution

is designated as .5 M, and so on.,

Ex. To make a 1 M (imolar)' solution of NaOH in water 1 mole or 40.004 g.

(solid) would be ,acided..to, a container and water would (be filled tq, make a

total of 1 liter. fora .5M solution 40. -004, x .5 or 20.002 g. would be used. ,

76,



I

'4

la

4

A

..

Page 75_

VI

Ex. Prepare a .15 molar solution of Na2CO3ta"find the number of grams of

Na2CO3 _required. .15 molar = .15 molly of Na2CO3.

M. W. of ,Na2CO3 Na at wt. 722.99'7 x' 2 = 45.994

C at wt,. = 12.011

0 at wt, = 15.99 x 2-= 31.998

M. W. Na2CO3 = 90.003

1 mole at Na2CO3 = 90.003 g.

.15 moTes = 90.003 x .15 = 13.5 g.

Or 13,5 g. of Na2CO3 would be used per-liter to pfirare'la ,15 M solution.

O

.

t

a

r
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HINDOUT NO. - ,NORMALITY

22.1--f-
1111111110

1

Normality = number of equivalents of solute per liter of solution

Normality (N) = No. of equivalents
liter of. solution

6N = 6 equivalents/liter

IN = 1.equivalent/liter

.16N = .16 equivalents/liter
40114

. of-equivalents =actual weight of the substance .

equivalent weight

. .qui plent -weight = liiolecular weight f .
....

Valence"

too determine equivalent weight, valence of the, compound must be found. The

oduct of the valence of. the positiye part of a. compound tip its subscript

gives .0-at is knbwn as the numbAr of replaceable hydrogens net positive

valence.

Example .

CaCO3 =- 2 x 1 = 2 valence

Na+ Cl- 1'x 1 =°1 valence

H+2 SO4 = 1 x 2 = 2, valence

.Cat (HCO3)- = 2 x 1 2 valence'

Hi" Cl" ;= 1 x 1 = 1 valence
°

To determine equivalent weight oftI,$ .e con minds. take;the molecular weight!'to
valence.

, "h, -

Example -.CaC014molecularwt. = 100 = 50
valence =v2

eq. wt.

If, for example 22.5 g. of CaCO3 were issolved to 1 liter of water its)
/- .

N is determined IP
,

78
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Equivalent wt. of 'CaCO3 = 50

No. 'of equivalents = actual wt. - -2.5 =
eq. wt. - 50

e.
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,

Norimality = .45 equivalents/liter= .45 N

'Normality aod ecluivalents are useful since 1 equivalent of compound (A)

will react exactly wi h 1 equivalent of compound (B), .3 equivalents with

eq.bi valents' and so, orl. .

7
Reactant A + Reactant B = Product C + Product D

For example 1 equivalent ofl'an acid will react with exactlyl equiV'allpt of

a base. q fi

-1 2 3

HC1 + NaOH NaC1 + H2O
Acid Base Salt Water

Using the basic'equatton: ,N1 x V1 = N2 x V2

Normality o'f reactant 1 x volume 1 (1) = nortality of reactant 2 x volume 2 (1)

Suppose that ,500 ml of a sample Containing HC1 is titrated with NaOH (.5 N)

and 10 ml. of NaOH is required, find N of the HC1 acid.'

N1 x V1 = N2 x V2

N1 he :5 1 -=, .51 N. x 1

= .5N x '.0i 1 .o1 y ,,HC1

.51

O
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